Studies have demonstrated that poor assessment and planning contribute to airway complications and that current airway assessment strategies have a poor diagnostic accuracy in predicting difficult intubation in the general population. Patients with head and neck pathology are at higher risk for difficulties during airway management and are more likely to need emergency surgical access. Therefore, thorough assessment of this group of patients is mandatory. The addition of virtual endoscopy (VE) to clinical history and computerised tomography imaging has been shown to improve diagnostic accuracy for supraglottic, glottic and infraglottic lesions and has a positive influence in formulating a more cautious and thorough airway management strategy in this high-risk group of patients. This article reviews whether VE can enhance airway assessment in patients with head and neck pathology and help reduce airway complications.
INTRODUCTION
One of the pivotal findings of the Royal College of Anaesthesiologists 4 th National Audit Project (NAP4) report was that poor assessment and planning led to significant airway morbidity. Nearly, a third of all the cases reported were considered poorly managed, with inadequate airway assessment and planning identified as a common contributing factor. [1] Accurate prediction of a difficult airway should reduce the risk of potential complications, however many studies, including meta-analyses, have demonstrated that there is no single predictor of difficult intubations which is sufficiently reliable [2] [3] [4] [5] [6] [7] and there is only sparse evidence for a pre-operative assessment based on a single risk factor. In addition to this, previous studies seem to suggest that the diagnostic accuracy of prediction of difficult intubation, made by an individual anaesthesiologist, is poor and 75%-93% of all difficult intubations are unanticipated. [8] This does not seem to improve with any targeted, additional training or standardisation of assessment. A simplified airway risk index approach to airway assessment failed to produce statistically significant reduction in rates of unanticipated difficult intubation when compared with a pre-operative assessment performed in a traditional, ad hoc manner. [9] Consensus is that pre-operative airway assessment of all patients must be performed to help identify those who are at risk of difficulty with intubation. Current diagnostic accuracy is deficient. We require additional tools universally available to us which can enhance airway assessment in a non-invasive, easy to interpret and easily communicable manner.
To establish if we could find an appropriate additional assessment tool, we reviewed the published data relating to airway assessment, incidence of complications in patients with head and neck pathology and the use of virtual endoscopy (VE) in anaesthesia practice.
ASSESSING PATIENTS WITH AIRWAY PATHOLOGY
Unsurprisingly, a subgroup of patients that were found by NAP4 to be at higher risk of difficulties during airway management were those with upper airway pathology. Approximately 40% of all cases reported were associated with a disease process in the head, neck, or trachea, and 70% of these reports were associated with airway obstruction. [10] This implies that it is imperative that this group of patients have a thorough pre-operative airway assessment. Worryingly, however, not only has clinical examination been shown to be both inaccurate and insufficient, there is evidence to suggest that it is particularly inadequate in patients with head, neck and tracheal disease. [8] Despite numerous advances in airway management in anaesthesia over recent decades, including drugs, equipment and techniques, there has been disappointingly little headway in airway assessment. Could one solution be VE of the airway?
CURRENT AIRWAY IMAGING TOOLS AND PRACTICES
Multi-plane computerised tomography (CT) scanning is often performed for patients with head and neck disease. This can provide information regarding anatomical abnormality, location of lesion and any tumour involvement of the airway. [11] These images are presented in a two-dimensional (2D) format and partly due to unfamiliarity, can be difficult for the anaesthesiologist to interpret. However, most anaesthesiologists are familiar with the anatomy of the upper airway as viewed by laryngoscopy, either direct or endoscopically.
Flexible nasendoscopy can be a useful tool, providing a dynamic assessment of supraglottic disease and a more complete understanding of intraluminal anatomy. Rosenblatt et al. studied 138 patients, presenting for upper airway surgery with pathology in a variety of locations. [12] A pre-operative endoscopic airway evaluation (PEAE) was undertaken, involving visualisation of the epiglottis, vallecula, vocal cords and both pyriform sinuses. One-hundred and fourteen (83%) of the 138 patients had their airway management after induction of anaesthesia (all without incident). Notably, of the 94 patients for whom the initial plan was to manage the airway under general anaesthesia, 8 (9%) patients were unexpectedly found to have severe airway pathology on PEAE, so their airway plan was changed to awake intubation; this was deemed a direct result of the PEAE findings. However, there are some limitations to performing these pre-operative nasendoscopies, such as having the availability of a skilled anaesthesiologist to perform the examination, the need to arrange a suitable time and location preoperatively, the requirement of specialised equipment and patient compliance. In addition, and crucially, it fails to provide any information on any infraglottic pathology which may exist.
IMPORTANCE OF THOROUGH ASSESSMENT OF AIRWAY PATHOLOGY
The location of any airway pathology can be broadly classified as being supraglottic, glottic or infraglottic. The location will have a bearing on the choice of anaesthetic and airway management technique and equipment used. It is also prudent to determine the nature of the pathology, and whether and to what degree it is causing distortion or narrowing. The assessment of narrowing at supraglottic but particularly glottic and infraglottic levels will have an influence on the selection of size and type of endotracheal tube. Conventional airway assessment can fail to determine the exact location of the lesion so additional investigations should be undertaken.
NAP4 revealed that there were 58 cases where emergency surgical airway was attempted. Forty-three (74%) were patients with head and neck pathology. In eight cases (14%), emergency surgical access failed, and four patients (7%) died as a result of airway complications. [13] These alarming figures illustrate the importance of thorough assessment and planning in patients who present with airway pathology. If complications do occur during airway management in this group, there is an increased risk of the need for emergency surgical access and death.
THE PROBLEM WITH 'ASLEEP' INTUBATION
' Asleep' intubation of the trachea can be performed in the apnoeic, as well as spontaneously ventilating patient (using gaseous technique), using direct laryngoscopy, videolaryngoscopy or with the use of fibrescopes. Gaseous induction can affect airway tone and result in the loss of patency of the airway. [14, 15] Conventionally, the use of intravenous techniques has relied on either the intubation being completed within the desaturation time or the patient having a patent upper airway under anaesthesia and being amenable to intermittent positive pressure ventilation using a bag-valve mask or supraglottic airway. With the recent introduction of Transnasal Humidified Rapid Insufflation Ventilatory Exchange [16] which can prolong safe apnoea time, a patent upper airway is a prerequisite and there are subgroups, such as the obese or in upper airway obstruction, where that effectiveness may be reduced.
In a study by Kheterpal et al., [17] the risk of a number of components of difficult airway management were demonstrated. Difficult laryngoscopy occurred in 5.8%; difficult mask ventilation occurred in 5% and difficulty with both in 0.4%. Of note, fibreoptic intubation (awake or asleep), awake tracheostomy or primary use of a supraglottic airway were in the exclusion criteria for this study, and so we can postulate that the incidence of difficulty may be even higher.
Without being able to predict with a 100% certainty that these factors required for safe intubation under general anaesthesia will be present, there is always an inherent risk with the 'asleep' techniques of intubation.
ADVANTAGES OF AWAKE FIBREOPTIC INTUBATION
Awake intubation allows the airway of high-risk patients to be secured with the patient spontaneously ventilating and maintaining a patent airway. [18, 19] This is widely regarded as the safest technique for managing the airway of a patient with anticipated difficulty but without complete obstruction. A flexible fibrescope enables the operator to navigate around lesions within the upper airway and allow placement of a pre-loaded endotracheal tube once the trachea has been successfully identified. [20] NAP4 reported 18 cases where the expert reviewers believed that an awake fibreoptic intubation (AFOI) may have offered advantages over the airway management the patient received under general anaesthesia. [21] 
THE PROBLEM WITH AWAKE FIBREOPTIC INTUBATION
This technique is thought to have a failure rate of 1%, ascertained in a large prospective cohort study of AFOIs. [20] It is worth noting, and remarkably reassuring, that there were no episodes of death, cannot intubate/cannot oxygenate, emergency tracheostomy or long-term sequelae in any of the failed AFOI patients. [20] Similar failure rates have been attested in retrospective case series, [22, 23] demonstrating the safety of this technique in a cohort of patients with anticipated difficult airways.
NAP4 reported 15 cases where AFOI was unsuccessful. Reasons for failure included: Inability to recognise appropriate airway anatomy, anatomical distortion and inability to pass the endotracheal tube. All of these contributing factors may have been negated with a pre-operative VE fly through video demonstrating the endoscopic anatomy before performing the AFOI.
In addition, there are a number of human factors surrounding the procedure. Their existence can be deduced from the results of reports, suggesting that anaesthetists may avoid performing AFOI in patients who would be suitable, for reasons including worry of procedural failure [24] and due to a lack of gaining or maintaining competence in the procedure. [25] VIRTUAL ENDOSCOPY For many years, radiologists have been using multidimensional image navigation and display software to create VE images of the tracheobronchial tree. These have been used to aid in pathological diagnoses and CT-guided biopsies. [26] [27] [28] Having been introduced to this existing, free technology, we wanted to establish whether VE could help us as airway anaesthesiologists, and we became the first group of anaesthesiologists to describe the use of VE to assess and plan airway management of patients with difficult airways. [29] We imported the Digital Imaging and Communications in Medicine (DICOM) data files to the free OsiriX Lite Viewer v5.5 32-Bit (Pixmeo Sari, Bernex, Switzerland), and the 3D endoscopy software function was utilised to construct a 3D flight path by advancing and rotating a virtual camera to simulate endoscopic views.
VE potentially bridges the gap in airway assessment by providing a non-invasive, anatomically accurate representation of the patient's whole airway, from naso-or oro-pharynx to the carina, in a format familiar to all anaesthesiologists. The patient's pre-existing diagnostic CT images can be reconstructed into a 3D 'fly-through' video of endoscopic anatomy, using the OsiriX Viewer software. This can contribute to planning airway management strategies well in advance of any direct patient intervention and therefore risk of harm. [29] The VE videos created can be viewed simultaneously with the CT images, thus also improving the interpretation of the anatomy viewed in the conventional 2D format [ Figures 1-3 ].
ENHANCING AIRWAY ASSESSMENT AND PLANNING
Having a pre-operative VE video of a high-risk patient with head and neck pathology will enable us to have a better understanding of the airway imaging in a familiar format and offers the added advantage of allowing us to plan the path the fibrescope should ideally take to perform a successful AFOI. [30] Inevitably, the question arose: 'does VE actually influence anaesthesiologist's planning of airway strategies when faced with patients who have head and neck pathology?' We performed a further study [30] to assess the utility of VE by performing a convenience survey series of twenty anaesthesiologists, asking them to describe their preferred airway management plan for ten airway scenarios (three with supraglottic pathology, three with glottic pathology, three with infraglottic pathology and one case with normal airway anatomy). Each of these scenarios included a brief clinical history and a standard helical CT scan of the head and neck. 3D VE follow through videos were subsequently provided, and airway management choices were re-requested. Diagnostic accuracy of airway pathology by anaesthesiologists was improved by 13% when VE videos were reviewed in addition to the initial CT images. The addition of VE to airway assessment led to changes in airway management in 48% of cases (P = 0.005), with 90% (P = 0.005) of these changes toward a more cautious plan (i.e., AFOI instead of an 'asleep' intubation). This study demonstrates that by adding VE to the airway assessment armamentarium, there is a significant increase in diagnostic accuracy for supraglottic, glottic and infraglottic lesions and suggests that this can lead to safer airway management strategies in patients with head and neck pathology. This could be attributed to the format of the VE videos, which replicates the views of the airway more familiar to anaesthesiologists.
Despite all the benefits of VE, it is worth noting that there are limitations associated with this technique. The quality of the fly through videos are dependent on the quality of the uploaded DICOM data files; small lesions may not be reconstructed, natural colour is absent, excessive smoothening of the airway walls may occur, and it is a static (not dynamic) examination technique.
SUMMARY
Patients who present with head and neck pathology are more likely to have difficult airways, are at increased risk of difficulties during airway management, and they are also more likely to require an emergency surgical airway when difficulties arise. We are convinced of the merits of the addition of VE in assessment and planning of airway management in these high-risk patients. We believe that VE can assist in making a more accurate airway assessment, formulate a more cautious airway plan and provide a virtual run through video of best path for the fibrescope, should an AFOI technique be selected, potentially further reducing the failure rate of this technique. VE has the potential to reduce the number of airway complications in patients with head and neck pathology, although further studies will be required to demonstrate this. 
